Heat Transfer and Fluid Flow Characteristics from Finite Height Circular Cylinder Mounted on Horizontal Plate  by Naik, Hemant & Tiwari, Shaligram
 Procedia Engineering  127 ( 2015 )  71 – 78 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICCHMT – 2015
doi: 10.1016/j.proeng.2015.11.428 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWDWLRQDO+HDWDQG0DVV7UDQVIHU
+HDW7UDQVIHUDQG)OXLG)ORZ&KDUDFWHULVWLFVIURP)LQLWH+HLJKW
&LUFXODU&\OLQGHU0RXQWHGRQ+RUL]RQWDO3ODWH
+HPDQW1DLN6KDOLJUDP7LZDUL
'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ,,70DGUDV&KHQQDL,QGLD
$EVWUDFW
3UHVHQW VWXG\ GHDOV ZLWK WKUHHGLPHQVLRQDO QXPHULFDO LQYHVWLJDWLRQV RI IORZ DQG KHDW WUDQVIHU FKDUDFWHULVWLFV DURXQG D ILQLWH
KHLJKWFLUFXODUF\OLQGHUPRXQWHGRQDKRUL]RQWDOSODWH8QLIRUPIORZKDVEHHQDVVXPHGDW WKH LQOHWZKLFKGHYHORSVDQGIORZV
DFURVVWKHF\OLQGHU)ORZVHSDUDWLRQKDVEHHQREVHUYHGIURPWKHOHDGLQJHGJHRIIUHHHQGRIWKHF\OLQGHUVLGHVRIWKHF\OLQGHU
DQG LQ XSVWUHDP QHDUHU WR WKH F\OLQGHU MXVW DERYH WKH ERWWRP SODWH &\OLQGHU DQG ERWWRP SODWH DUH PDLQWDLQHG DW FRQVWDQW
WHPSHUDWXUHZKLFK LV KLJKHU WKDQ WKH IUHH VWUHDP WHPSHUDWXUHRI WKH IOXLG7KH VWXG\KDVEHHQFDUULHGRXW IRU D F\OLQGHUZLWK
DVSHFWUDWLRUDWLRRIKHLJKWWRGLDPHWHURIDQG5H\QROGVQXPEHU5HLQWKHUDQJHRIWR'HWDLOHGIORZSDWWHUQVKDYH
EHHQSUHVHQWHGLQWKHIRUPRIWLPHDYHUDJHGVWUHDPOLQHVLQGLIIHUHQWSODQHV7HPSHUDWXUHDQG1XVVHOWQXPEHUFRQWRXUVKDYHDOVR
EHHQ SUHVHQWHG QHDU WKH ERWWRP SODWH ,Q DGGLWLRQ YDULDWLRQ RI SHULPHWHUDYHUDJHG 1XVVHOW QXPEHU DORQJ WKH KHLJKW RI WKH
F\OLQGHUDQGYDULDWLRQRIKHLJKWDYHUDJHG1XVVHOWQXPEHUDURXQGWKHF\OLQGHUKDYHEHHQSUHVHQWHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&&+07±
.H\ZRUGV)ORZVHSDUDWLRQILQLWHFLUFXODUF\OLQGHUSHULPHWHUDYHUDJHG1XVVHOWQXPEHUKHLJKWDYHUDJHG1XVVHOWQXPEHU
 ,QWURGXFWLRQ
)ORZDQGKHDWWUDQVIHUSDVWDILQLWHKHLJKWFLUFXODUF\OLQGHUPRXQWHGRQDKRUL]RQWDOSODWHKDYHEHHQDFRPPRQ
WRSLFRIUHVHDUFKIRUPDQ\\HDUV7KHVWXG\LVRIPXFKSUDFWLFDOLPSRUWDQFHLQYDULRXVHQJLQHHULQJILHOGVVXFKDV
KHDWH[FKDQJHUVFRROLQJWRZHUVFKLPQH\VHWF9DULRXVWRSRORJLFDOIORZILHOGVGHYHORSDURXQGWKHF\OLQGHUZKLFK
FDQDIIHFWWKHKHDWWUDQVIHUJUHDWO\6XFKDIORZILHOGFDQEHXVHGIRUFRROLQJRIHOHFWURQLFGHYLFHVE\KHDWWUDQVIHU
&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVPHG#LLWPDFLQ
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICCHMT – 2015
72   Hemant Naik and Shaligram Tiwari /  Procedia Engineering  127 ( 2015 )  71 – 78 
HQKDQFHPHQW>@SUHVHQWHGWKHHIIHFWRIKHDWWUDQVIHUIURPDILQLWHKHLJKWFLUFXODUF\OLQGHUPRXQWHGRQDSODWHIRU
DVSHFW UDWLR $5 LQ WKH UDQJH IURP WR  ,W KDV EHHQ UHSRUWHG WKDW KHDW WUDQVIHU FKDUDFWHULVWLFV GHSHQGRQ$5
ERXQGDU\ OD\HU WKLFNQHVV DQGQDWXUH RI WKH IORZ ILHOG&RPSDULVRQRI YDULRXV ORFDO DQGSHULSKHUDO DYHUDJHGKHDW
WUDQVIHUFRHIILFLHQWVRIDILQLWHFLUFXODUF\OLQGHUZLWKWKHWZRGLPHQVLRQDOF\OLQGHUKDYHDOVREHHQSUHVHQWHG(IIHFW
RIKHDWWUDQVIHURQIORZVHSDUDWLRQDQGUHDWWDFKPHQWKDVEHHQGLVFXVVHGE\>@DQG>@7KHKRUVHVKRHYRUWH[SOD\VD
GRPLQDQWUROHLQKHDWWUDQVIHUIURPWKHVLGHVXUIDFHRIWKHF\OLQGHU+LJKHUKHDWWUDQVIHUKDVEHHQUHSRUWHGMXVWEHORZ
WKHOHDGLQJHGJHLQGRZQVWUHDPIRUORZYDOXHVRI$5$EULHIUHYLHZRIIORZILHOGZLWKDQGZLWKRXWKHDWWUDQVIHU
KDVEHHQJLYHQE\>@IRUIORZDERYHIUHHHQGRIWKHSODWHPRXQWHGF\OLQGHU
*KLVDOEHUWL >@ UHSRUWHG WKH HIIHFWV RI IORZ RQ KHDW WUDQVIHU DURXQG ERGLHV RI YDULRXV VKDSHV OLNH FLUFXODU
F\OLQGHUFRQHVTXDUHEDUHWF7KH\DOVRUHSRUWHGWKDWKHDW WUDQVIHUHQKDQFHPHQWGHSHQGVRQ$5RIWKHF\OLQGHU
1XPHULFDO LQYHVWLJDWLRQ KDV EHHQ FDUULHG RXW E\ >@ WR XQGHUVWDQG WKH IORZ VWUXFWXUH DQG KHDW WUDQVIHU UDWH IURP
FLUFXODUWXEHDWPRGHUDWHYDOXHVRI5H\QROGVQXPEHU5H([SHULPHQWDOLQYHVWLJDWLRQKDVEHHQFDUULHGRXWE\>@
IRUIORZSDVWFLUFXODUF\OLQGHUIL[HGEHWZHHQWZRSDUDOOHOSODWHV+RUVHVKRHYRUWLFHVIRUPHGDURXQGWKHF\OLQGHUZDOO
MXQFWLRQLQFUHDVHWKHKHDWWUDQVIHUUDWH,QIOXHQFHRI$5RQIORZILHOGKDVEHHQUHSRUWHGE\>@IRUGLIIHUHQWYDOXHVRI
$5DQG,QGRZQVWUHDPMXVWEHKLQGWKHF\OLQGHUDODUJHUHFLUFXODWLRQUHJLRQDQGDVPDOOYRUWH[QHDUHUWR
WKHIUHHHQGKDVEHHQREVHUYHGIRUDOO IRXU$5YDOXHVFRQVLGHUHGDQGDVHFRQGYRUWH[LVREVHUYHGLQGRZQVWUHDP
QHDUWKHF\OLQGHUERWWRPZDOOMXQFWLRQRQO\IRU$5YDOXHVRIDQG
7KHPDLQREMHFWLYHRISUHVHQW VWXG\ LV WR LGHQWLI\ WKH IORZDQGKHDW WUDQVIHUFKDUDFWHULVWLFVDURXQG WKH ILQLWH
FLUFXODU F\OLQGHU RI $5 HTXDO WR  DW 5H YDOXHV RI   DQG  ,QYHVWLJDWLRQV RI IORZ DQG KHDW WUDQVIHU
FKDUDFWHULVWLFVIURPWKHKHDWHGF\OLQGHUDQGERWWRPZDOOKDYHEHHQFDUULHGRXWZLWKWKHKHOSRIVWUHDPOLQHSORWVDQG
WHPSHUDWXUH FRQWRXUV %\ WKH FRPSDULVRQ RI SHULPHWHUDYHUDJHG 1XVVHOW QXPEHU DORQJ WKH F\OLQGHU KHLJKW DQG
KHLJKWDYHUDJHG1XVVHOWQXPEHUDORQJWKHSHULSKHU\RIWKHF\OLQGHUUHJLRQRIKLJKHUKHDWWUDQVIHUFDQEHLGHQWLILHG
3UREOHP6WDWHPHQW
7KHFRPSXWDWLRQDOGRPDLQIRUWKHSUHVHQWVWXG\KDVEHHQVKRZQLQ)LJ7KHGRPDLQRILQWHUHVWFRQVLVWVRIDILQLWH
FLUFXODUF\OLQGHURIGLDPHWHU µG ¶DQGKHLJKWµ+¶PRXQWHGRQDKRUL]RQWDOSODWH7KHVXUIDFHVRI WKHF\OLQGHUDQG
ERWWRPSODWHDUHPDLQWDLQHGDWDFRQVWDQWWHPSHUDWXUHµ Z7 ¶ZKLFKLVJUHDWHUWKDQWKHIUHHVWUHDPWHPSHUDWXUH7∞ 
7KH GLPHQVLRQV RI WKH FRPSXWDWLRQDO GRPDLQ DUH IL[HG DV OHQJWK   / G=  ZLGWK   / G= DQG
KHLJKW   / G= 7KHF\OLQGHULVSODFHGDWDGLVWDQFHRIGIURPWKHLQOHW7KH$5YDOXHIRUWKHF\OLQGHUKDVEHHQ
IL[HG DV  DQG FRPSXWDWLRQV KDYH EHHQ FDUULHG RXW IRU 5H YDOXHV LQ WKH UDQJH RI  WR  7KH YHORFLW\ DQG
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F\OLQGHUVXUIDFH
D E
)LJ6FKHPDWLFRIJULGDSODQHYLHZSDUDOOHOWRERWWRPZDOODW] ESODQHYLHZSDUDOOHOWRVLGHZDOODW\ 
7DEOH&RPSDULVRQRIPHDQGUDJFRHIILFLHQWIRUGLIIHUHQWJULGVDW5H 
1RRIFHOOV 1RRIJULGSRLQWVRQF\OLQGHUV &GPHDQ
  
  






5HVXOWVDQG'LVFXVVLRQ
7LPHDYHUDJHG)ORZ&KDUDFWHULVWLFV
)LJXUHVKRZVWKHWLPHDYHUDJHGVWUHDPOLQHVLQGLIIHUHQWYHUWLFDOSODQHVDORQJWKHZDNHIRUGLIIHUHQWYDOXHVRI5H
,WKDVEHHQREVHUYHGWKDWLQWKHXSVWUHDPRIWKHF\OLQGHUVRPHSDUWRIWKHIORZPRYHVXSZDUGDQGVRPHSDUWRIWKH
IORZPRYHVGRZQZDUG)ORZVHSDUDWLRQ WDNHVSODFHIURPWKH OHDGLQJHGJHRI WKHF\OLQGHU¶V IUHHHQGIRU WKHIORZ
ZKLFKPRYHVXSZDUG)RUWKHIORZZKLFKPRYHVGRZQZDUGVHSDUDWLRQWDNHVSODFHLQWZRUHJLRQVRQHLQIURQWRI
WKHF\OLQGHUDQGQHDUHUWRWKHERWWRPSODWHZKLOHWKHRWKHUIURPWKHVLGHVXUIDFHRIWKHF\OLQGHU)LJXUHDOVRVKRZV
WKDWLQWKHGRZQVWUHDPRIWKHF\OLQGHUMXVWEHORZWKHIUHHHQGYRUWH[IRUPDWLRQWDNHVSODFH,WLVREVHUYHGWKDWZLWK
LQFUHDVHLQWKHYDOXHRI5HWKHVL]HRIYRUWH[DOVRLQFUHDVHV$VRQHPRYHVIURPFHQWUHSODQH\ WRZDUGVVLGH
ZDOORIWKHGRPDLQWKHVL]HRIYRUWH[GHFUHDVHVDQGVORZO\LWJHWVHOLPLQDWHG5HDWWDFKPHQWVDGGOHKDVEHHQQRWLFHG
LQGRZQVWUHDPRIWKHF\OLQGHUFRUUHVSRQGLQJWRWKLVYRUWH[7KHVDGGOHSRLQWREVHUYHGLQ[]SODQHDW\ PRYHV
DORQJWKHIORZGLUHFWLRQDV5HLQFUHDVHV)RU5HHTXDOWRDQDGGLWLRQDOYRUWH[LVIRUPHGLQWKHGRZQVWUHDPMXVW
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)LJXUH  VKRZV WKH WLPHDYHUDJHG VWUHDPOLQHV LQ GLIIHUHQW KRUL]RQWDO SODQHV IRU GLIIHUHQW YDOXHV RI 5H $
V\PPHWULFDO IORZEHKDYLRXU FDQEH VHHQRQERWK WKH VLGHV IURPFHQWUHOLQH DORQJ WKH IORZGLUHFWLRQ)RU ] 
VHSDUDWLRQVDGGOHKDVEHHQREVHUYHGLQXSVWUHDPRIWKHF\OLQGHU,WLVDOVRREVHUYHGWKDWIORZKDVWZRUHFLUFXODWLRQ
]RQHVEHKLQGWKHF\OLQGHUZKLFKUHDWWDFKDW WKHµDWWDFKPHQWVDGGOH¶$VWKHYDOXHRI5HLQFUHDVHV WKHVL]HRI WKLV
UHFLUFXODWLRQ]RQHDOVRLQFUHDVHV$VZHPRYHXSZDUGVIURPWKHERWWRPZDOO WKLVUHFLUFXODWLRQ]RQHGHFUHDVHV LQ
VL]HDQGDWWRSRIWKHF\OLQGHULWJHWVFRPSOHWHO\HOLPLQDWHG
7LPHDYHUDJHG+HDW7UDQVIHU&KDUDFWHULVWLFV
1XVVHOWQXPEHU
1XVVHOWQXPEHU1XFRQWRXUQHDUWKHERWWRPZDOOIRUGLIIHUHQWYDOXHVRI5HKDVEHHQVKRZQLQ)LJ,QWKHZDNH
UHJLRQ WKH YDOXH RI1X LV ORZHU DV FRPSDUHG WR WKDW LQ RWKHU UHJLRQV ,W KDV EHHQ REVHUYHG WKDW DV YDOXH RI 5H
LQFUHDVHVYDOXHRI1XVVHOWQXPEHUDOVRLQFUHDVHV
)LJ&RQWRXUVRI1XVVHOWQXPEHUQHDUWKHERWWRPSODWHIRUGLIIHUHQWYDOXHVRI5H
)LJXUHDVKRZVWKHYDULDWLRQRISHULPHWHUDYHUDJHG1XVVHOWQXPEHUDORQJWKHKHLJKWRIWKHF\OLQGHU,WKDVEHHQ
REVHUYHGWKDWDVKHLJKWLQFUHDVHVWKHSHULPHWHUDYHUDJHG1XVVHOWQXPEHUDOVRLQFUHDVHV)RUF\OLQGHUKHLJKWIURP]
  WRDQG]  WR WKHUH LVVXGGHQ LQFUHDVH LQ WKHYDOXHRISHULPHWHUDYHUDJHG1XVVHOWQXPEHUDQG LQ
EHWZHHQ] WRJUDGXDOLQFUHDVHLVREVHUYHG+LJKHUYDOXHRISHULPHWHUDYHUDJHG1XVVHOWQXPEHULVIRXQGIRU
KLJKHUYDOXHRI5HDWHYHU\ORFDWLRQ)LJXUHEVKRZVWKHYDULDWLRQRIKHLJKWDYHUDJHG1XVVHOWQXPEHUDORQJWKH
SHULPHWHU RI WKH F\OLQGHU )URP XSVWUHDP WR GRZQVWUHDP DORQJ WKH SHULSKHU\ RI WKH F\OLQGHU KHLJKWDYHUDJHG
1XVVHOWQXPEHUGHFUHDVHV+LJKHUYDOXHRIKHLJKWDYHUDJHG1XVVHOWQXPEHULVIRXQGIRUKLJKHUYDOXHRI5HDWHYHU\
θ ORFDWLRQ

D E
)LJ9DULDWLRQRIDSHULPHWHUDYHUDJHG1XVVHOWQXPEHUDORQJWKHKHLJKWRIF\OLQGHUEKHLJKWDYHUDJHG1XVVHOWQXPEHUDORQJWKHSHULPHWHU
RIF\OLQGHU
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7HPSHUDWXUHFRQWRXUV
&RQWRXUVRI WHPSHUDWXUH LQGLIIHUHQWKRUL]RQWDOSODQHV IRUGLIIHUHQWYDOXHVRI5HKDYHEHHQ VKRZQ LQ)LJ7KH
WHPSHUDWXUH GLIIHUHQFH EHWZHHQ F\OLQGHU ZDOO DQG IOXLG LQ WKH ZDNH KDV EHHQ IRXQG WR EH VPDOO ZKLOH PRUH
WHPSHUDWXUHGLIIHUHQFHLVREVHUYHGEHWZHHQIOXLGLQXSVWUHDPDQGWKHF\OLQGHUZDOO$VWKHYDOXHRI5HLQFUHDVHV
WKHUH RFFXUV DQ LQFUHDVHV LQ WHPSHUDWXUH GLIIHUHQFH EHWZHHQ F\OLQGHU ZDOO DQG WKH IOXLG LQ WKH ZDNH ZKLOH OHVV
LQFUHDVHLQWKHWHPSHUDWXUHGLIIHUHQFHKDVEHHQIRXQGEHWZHHQWKHWHPSHUDWXUHRIIOXLGLQXSVWUHDPDQGWKHF\OLQGHU
ZDOO
)LJ&RQWRXUVRIWHPSHUDWXUHLQGLIIHUHQWKRUL]RQWDOSODQHVIRUGLIIHUHQWYDOXHVRI5H
)LJXUHVKRZVWKHFRQWRXUVRIWHPSHUDWXUHLQGLIIHUHQWYHUWLFDOSODQHVDORQJWKHIORZGLUHFWLRQIRUGLIIHUHQWYDOXHV
RI5H,QXSVWUHDPDQGGRZQVWUHDPQHDUHUWRWKHF\OLQGHUVXUIDFHDVZHOODVERWWRPVXUIDFHIOXLGKDVKLJKHUYDOXH
RIWHPSHUDWXUHEXWDWWKHWRSRIWKHF\OLQGHUVXUIDFHLWKDVUHODWLYHO\ORZHUYDOXH7KHIOXLGWHPSHUDWXUHLVKLJKHULQ
XSVWUHDPDQGGRZQVWUHDPRIWKHF\OLQGHUDQGDVZHPRYHIURP\ WRVLGHZDOORIWKHGRPDLQWKHYDOXHRIIOXLG
WHPSHUDWXUHGHFUHDVHV%RWKLQXSVWUHDPDQGGRZQVWUHDPRIWKHF\OLQGHUDVYDOXHRI5HLQFUHDVHVWKHWHPSHUDWXUH
GLIIHUHQFHEHWZHHQWKHERWWRPZDOODQGWKHIOXLGVDOVRLQFUHDVHV
)LJ&RQWRXUVRIWHPSHUDWXUHLQGLIIHUHQW[]SODQHVIRUGLIIHUHQWYDOXHVRI5H
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&RQFOXVLRQ
)OXLG IORZDQGKHDW WUDQVIHUFKDUDFWHULVWLFV DURXQGD ILQLWHKHLJKW FLUFXODU F\OLQGHUPRXQWHGRQDKRUL]RQWDOSODWH
KDYHEHHQ LQYHVWLJDWHG)RUD ILQLWHF\OLQGHURIKHLJKWG DQG5H\QROGVQXPEHU LQ WKH UDQJHRI WR WKUHH
GLPHQVLRQDOQXPHULFDOVLPXODWLRQVKDYHEHHQFDUULHGRXW:DNHSDWWHUQVDUHKLJKO\GHSHQGHQWRQWKHYDOXHRI5H
DQG$5$VWKHYDOXHRI5HLQFUHDVHVZDNHOHQJWKDOVRLQFUHDVHV)ORZVHSDUDWLRQUHJLRQLQWKHXSVWUHDPQHDUHUWR
WKHF\OLQGHUMXVWDERYHWKHERWWRPSODWHLVWKHUHJLRQZKHUHKRUVHVKRHYRUWH[IRUPDWLRQWDNHVSODFH5HDWWDFKPHQW
UHJLRQKDVEHHQIRXQGLQWKHGRZQVWUHDPDQGWKHGLVWDQFHEHWZHHQWKHF\OLQGHUDQGWKLVUHJLRQLQFUHDVHVDVYDOXHRI
5H LQFUHDVHV+HDW WUDQVIHU IURPWKHKHDWHGF\OLQGHUDQGERWWRPZDOO WR WKHIOXLG LVPRUH IRUKLJKHUYDOXHRI5H
3HULPHWHUDYHUDJHG1XVVHOWQXPEHULVPRUHRQWKHWRSRIWKHF\OLQGHUDQGOHVVDWWKHERWWRPRIWKHF\OLQGHU+HLJKW
DYHUDJHG1XVVHOWQXPEHULVKLJKHUQHDUIURQWDQGORZHUDWQHDUUHDUVWDJQDWLRQOLQHV+LJKHUWHPSHUDWXUHGLIIHUHQFH
KDVEHHQREVHUYHGLQWKHZDNHIRUKLJKHUYDOXHVRI5H
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